A screening study yielded Acinetobacter calcoaceticus strain 4-1-5, which is capable of hydroxylating indole to 7-hydroxyindole. Strain 4-1-5 grew on terephthalate as the sole source of carbon and energy and hydroxylated indole to 7-hydroxyindole by cometabolism of indole using terephthalate as cosubstrate. Strain 4-1-5 produced 0.574 mM of 7-hydroxyindole at 2.38 mM indole in 24 h with the cell growth.
7-Hydroxyindole (7-HI) is an important building block in the synthesis of pharmaceuticals, dye compounds, and chemicals. 1, 2) 7-HI can be synthesized chemically from either 2-nitrophenol 3, 4) or 3-hydroxy-2-nitrotoluene. [5] [6] [7] But since the chemical synthesis involves a multistep process and a non-negligible environmental impact and the yield is not necessarily high, it is disadvantageous for the production of 7-HI. In fact, there are many problems, such as production cost and difficulties in controlling the process and the purification of products. As an alternative to chemical processes, a biological method would be of great advantage in industrial-scale synthesis. So far, there is only one report of hydroxylation of indole to 7-HI by Xanthomonas maltophilia Mer-H108.
2) To obtain a microorganism for mass production of 7-HI, we surveyed a novel microorganism that has high hydroxylation activity of indole at position 7. This paper describes the regioselective hydroxylation of indole to 7-HI by Acinetobacter calcoaceticus strain 4-1-5.
A microorganism capable of hydroxylating indole was screened from soil and compost samples by an enrichment technique. The screening was carried out with a medium (0.01% yeast extract, 0.05% indole, 0.1% (NH 4 ) 2 SO 4 , 0.1% K 2 HPO 4 , 0.01% NaCl, 0.02%
C. The hydroxylation activity of isolates was investigated by thin layer chromatography (TLC) analysis on silica gel plate (Silica gel 60 F 254 , Merck). The developing solvent was chloroform-diethyl ether (3:2, v/v). Indole and 7-HI were visualized by spraying the plates with Ehrlich reagent or detected by UV irradiation. An authentic 7-HI was synthesized chemically. 7) Ten microorganisms were isolated from 55 samples. These isolates degraded indole with cell growth but were unable to produce 7-HI.
It has been reported that disodium terephthalate (DT) metabolism was initiated by hydroxylating it by the terephthalate 1,2-dioxygenase system (TERDOS). 8) Also, Resnick et al. reported that naphthalene 1,2-dioxygenase from Pseudomonas sp. strain NCIB9816 not only acted on at least 72 substrates but also catalyzed somewhat different reactions: substrate dioxygenation, monooxygenation, or desaturation. 9, 10) On the basis of these results, we predicted that a DT-degrading microorganism might hydroxylate indole to 7-HI. A microorganism capable of hydroxylating indole to 7-HI was screened from our stock cultures of DT-degrading microorganisms. These were isolated previously from soil samples by an enrichment technique. The isolation was done using DT medium (0.42% DT, 0.1% (NH 4 ) 2 SO 4 , 0.1% K 2 HPO 4 , 0.01% NaCl, 0.02% y To whom correspondence should be addressed. Fax: +81-778-62-3415; E-mail: sugimori@fukui-nct.ac.jp Abbreviations: 7-HI, 7-hydroxyindole; TLC, thin layer chromatography; DT, disodium terephthalate; CFU, colony-forming unit; TERDOS, terephthalate 1,2-dioxygenase system; GC-MS, gas chromatography-mass spectrometry Biosci. Biotechnol. Biochem., 68 (5), [1167] [1168] [1169] 2004 Note
The stock cultures were made up of twelve DT-degrading microorganisms isolated from 7 samples. The cultures were incubated in 5-ml DTI medium (DT medium containing 0.1% DT and 0.03% indole) at 28 C with reciprocal shaking. The cultures were withdrawn and mixed with an equal amount of acetonitrile and then centrifuged. The resulting supernatant was examined by TLC and by reverse phase high performance liquid chromatography. Separation was done with a YMC-Pack ODS-A column (6.0 mm ID Â 150 mm, 5-m particle size) (YMC Co., Ltd., Kyoto, Japan) and an elution employing a mobile phase comprised of 50% acetonitrile and 0.1% trifluoroacetic acid delivered at a flow rate of 0.5 ml/min. Detection was performed at 280 nm at room temperature. Under these conditions, indole, 7-HI, DT, and Ltryptophan eluted after 21.3, 11.9, 6.8, and 5.5 min respectively. Four microorganisms of twelve DT-degrading microorganisms hydroxylated indole to 7-HI in DTI medium. Among them, strain 4-1-5 exhibited the highest hydroxylating activity. The ethyl acetate extracts of the culture supernatant of strain 4-1-5 were also analyzed by gas chromatography-mass spectrometry (GC-MS). The column was a DB-1 capillary column (0.25 mm Â 30 m, J&W Scientific Inc., Folsom, California, USA). The injection temperature was 250 C, and the column temperature was raised on a gradient from 80 C to 200 C at a rate of 10 C/min. The mass spectrum gave a molecular ion peak at m=z 133 and fragment ion peaks at m=z 104, 78, 67, and 51. The mass spectrum was absolutely consistent with that of authentic 7-HI, demonstrating the production of 7-HI. Strain 4-1-5 was then taxonomically identified by Unionbitech Corp. (Osaka, Japan). The characteristics of strain 4-1-5 are summarized in Table 1 . Strain 4-1-5 was a gramnegative, rod-shaped, aerobic bacterium and oxidase negative and catalase positive. It utilized glucose oxidatively. In addition, on the basis of characteristics of growth temperature and gelatin hydrolysis, strain 4-1-5 was identified as an Acinetobacter calcoaceticus.
The cultures of strain 4-1-5 were incubated in 100-ml DTI medium at 28 C on a rotary shaker (166 rpm). A colony-forming unit (CFU) was determined with nutrient agar plate. Strain 4-1-5 grew on DT as the sole source of carbon and energy and hydroxylated indole to 7-HI in DTI medium. Strain 4-1-5 produced 0.246 mM of 7-HI at 2.31 mM indole in 48 h. Cell growth was very poor (0.4 log increase). The growth inhibition probably resulted from the toxicity of indole. In addition, Ltryptophan was detected. Since strain 4-1-5 did not have tryptophanase activity (Table 1) , L-tryptophan was perhaps produced via 7-HI.
The culture conditions were further examined to enhance 7-HI productivity. No increase in productivity was observed in rich media such as nutrient broth or LB medium. As shown in Fig. 1 , productivity increased to 0.574 mM in YE medium (0.1% DT, 0.03% indole, 0.4%
A slight increase in cell growth is perhaps responsible for the improvement in productivity. The optimum pH (Fig. 1) . The product yield for the substrate (Y p/s ) was 0.275 mol 7-HI/mol indole. It has been reported that X. maltophilia Mer-H108 converted 0.85 mM indole into 0.19 mM 7-HI in 48 h, and that the molar yield was 22%.
2) Hence we have accomplished approximately a 3-fold improvement in 7-HI productivity compared with X. maltophilia Mer-H108. The indole tolerance and 7-HI productivity of strain 4-1-5 might be higher than those of X. maltophilia Mer-H108, although the molar yield was approximately equal to that of 7-HI production by Mer-H108, due to growth inhibition by indole. Accordingly, further work is needed to improve the yield by devising a process using strain 4-1-5 or its mutant, or by a recombinant expressing the hydroxylating enzyme. Furthermore, screening of a microorganism capable of producing 7-HI in much higher yield is deemed necessary.
Strain 4-1-5 was unable to hydroxylate indole without DT, indicating that strain 4-1-5 hydroxylated indole to 7-HI by cometabolism of indole using terephthalate as cosubstrate (Fig. 2 ). An oxygenase such as TERDOS, 8) which is involved in DT hydroxylation, possibly hydroxylated indole as well as DT. To our knowledge this is the first report of indole hydroxylation by a terephthalate-degrading bacterium.
